Background: Diazinon (DZN) is one of the most organophosphates that widely used in agriculture and ectoparasiticide formulations. Its extensive use as an effective pesticide was associated with the environmental deleterious effects on biological systems. Objectives: The aim of this study was to investigate the potency of DZN to affect serum biochemical parameters and the antioxidant defense system in the liver and kidney of two rat strains.
Background
Organophosphate (OP) compounds are used in agriculture as pesticides, insecticides and acaricides, in military technology as chemical warfare agents (nerve agents) and in industry as antioxidants. Despite the apparent benefits of these uses, pesticides are potentially toxic substances released into the environment in large amounts with the potential to cause adverse effects on human and wildlife populations. There are 3 million cases of severe poisoning and 220,000 deaths in every year. OPs have been reported as the third most common cause of poisoning and the principal cause of poisoning-related mortality in Iran [1, 2] .
Diazinon (DZN) is one of the important OPs that widely used in agriculture to control insects and veterinary medicine to control ectoparasites. It readily absorbed and mainly eliminated by the kidney. In human liver, DZN is metabolized to diazoxon through oxidative desulfuration within a few hours, which is substantially more toxic [3, 4] .
The major mechanism of acute toxic action of OPs is the inhibition of acetylcholinesterase, which leads to accumulation of acetylcholine and failure of the central nervous system and death [5] . In addition, several studies have shown that OPs induce the generation of reactive oxygen species (ROS), depletion of endogenous antioxidants and increase of lipid peroxidation in humans and animals, all of which can lead to oxidative stress and finally cell death [1, 4, 6, 7] . Handy et al. [8] observed pathological changes in spleen, thymus and blood cells following oral administration of 300 mg/kg DZN to mice. Tissue differences in the oxidative stress responses and antioxidants are also reported in various fish species [9] .
Due to the variation of substitutions in chemical structure of OPs and their various effects on different tissues and strains [10] , further studies are necessary to understand the mechanism of action of these compounds. To the best of our knowledge, there are only few studies on the dosedependent effect of DZN on antioxidant defense system in various organs of different rat strains after intraperitoneal (i.p.) injection [11] .
Objectives
The aim of the present study was to evaluate the oxidative effects of DZN on biochemical parameters in serum and oxidative stress biomarkers such as glutathione (GSH) and superoxide dismutase (SOD), catalase (CAT), glutathione S-transferase (GST) and malondialdehyde (MDA) as an important index of lipid peroxidation in liver and kidney of female Wistar and Norway rats.
Materials and Methods

Chemicals
In this experimental study, all other chemicals used were of extra pure grad and obtained from Sigma and Merck. DZN, purity 99%, was obtained from Supelco Company (USA) and dissolved in corn oil at a stock concentration of 800 mg/mL, immediately before use.
Animals
Thirty female Wistar rat from Baqiyatallah University of Medical Sciences (Tehran, Iran) and 30 female brown Norway rat from Sewage system of Tehran (150 -200 g body weight and 4 -6 weeks old) were obtained. The rats were housed three to a cage and acclimated for at least 2 weeks prior to experimental use. All the animals were fed a standard rat chow and water ad libitum and kept in a temperature-controlled environment (20°C -22°C) with an alternating cycle of 12-hour light and dark. The ethics committee of the Baqiyatallah University of Medical Sciences approved the experimental protocol and all efforts were made to minimize the animal suffering.
Animal Treatment With DZN
The rats were randomly divided into control and DZNtreated groups. Control group received only corn oil. DZNtreated group were divided into four equal subgroups that were treated with 25, 50, 100 and 200 mg/kg of DZN by i.p. injection. The doses used were in accordance with those in previous works [12] . All rats were weighed at the beginning and at the end of the study.
Serum and Tissue Preparation
Six rats in each group were anesthetized with diethyl ether 24 hours [12, 13] after DZN administration. Blood samples were taken by cardiac puncture and allowed to stand for 30 minutes at room temperature to clot before being centrifuged at 3,000 × g for 15 minutes. Serum were obtained by centrifugation and stored at -20°C. Liver and kidney were quickly removed, washed in ice-cold phosphate buffer saline (PBS). Washed tissues were immediately immersed in liquid nitrogen and stored at -70°C until biochemical analysis.
On the day of use, frozen tissue samples were quickly weighed and homogenized 1: 10 in ice-cold PBS. The homogenates were then centrifuged at 16,000 × g for 15 minutes at 4°C. The supernatants were separated and used for enzyme activities assays and protein determination.
Antioxidant Enzyme Activities
The activity of SOD was determined using the method described by Winterbourn, based on the ability of SOD to inhibit the reduction of nitroblue tetrazolium by superoxide [14] . CAT activity in tissue homogenates was measured spectrophotometrically at 240 nm by calculating the rate of degradation of H 2 O 2 as the substrate of the enzyme using the method of Aebi [15] . GST activity was assayed by monitoring the formation of the thioether product of the reaction between GSH and 1-chloro-2, 4-dinitrobenzene at 340 nm [16] .
Serum Biochemical Parameters
Cytotoxicity was determined through the leakage of the enzyme lactate dehydrogenase (LDH) in serum and tissues using commercial kits from Parsazmun Company (Tehran-Iran). Activities of aspartate transaminase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP), and γ-glutamyl transferase (GGT) and levels of urea, uric acid and creatinine were determined in serum using Parsazmun Company kits (Tehran-Iran).
Determination of GSH and MDA Levels
GSH level was measured using the method of Tietz [17] . The end product of lipid peroxidation was estimated by measuring the level of MDA according to the method of Satoh [18] .
Protein Assay
Protein concentration was estimated according to the method of Bradford [19] using bovine serum albumin (BSA) as a standard.
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Statistical Analysis
All calculations were performed using INSTAT statistical software version 3.3. All the statistical analyses were performed using one-way analysis of variance (ANOVA) with post hoc Tukey multiple comparison tests applied across treatment groups for each tissue. Significance level was based on P < 0.05. Results are expressed as mean ± SD of six different rats.
Results
The effect of different doses of DZN on body weight and serum biochemical parameters of control and experimental groups in both rat strains after 24 hours is summarized in Tables 1 and 2 .
There was a significant decrease in the body weight of Wistar rats intoxicated with DZN (> 50 mg/kg) compared with control animals. DZN at higher doses significantly increased the activities of serum AST, ALT, ALP, GGT and LDH and levels of urea, uric acid and creatinine in Wistar rat and ALP, GGT and LDH activities and urea and uric acid levels in Norway rat compared with those of the control group. Figure 1 shows the alteration of liver and kidney SOD and CAT activities in control and DZN-treated Wistar and Norway rats. DZN (> 50 mg/kg) significantly increased kidney SOD and CAT activities in both rat strains compared with the control. DZN significantly increased liver SOD activity in both rat strains and CAT activity in Norway rat, while it decreased CAT activity in Wistar rat compared with the control. The increased SOD activity in Wistar rat at 200 mg/kg DZN was significantly higher than Norway rat (P < 0.01). In addition, the increased CAT activity in kidney of Wistar rats was observed at 100 and 200 mg/kg DZN liver compared with the liver (P < 0.001).
In Figure 2 , the effect of various doses of DZN on GST and LDH activities in liver and kidney of both rat strains after 24 hours is given. DZN (> 50 mg/kg) increased the activity of GST in kidney of Wistar rat and both tissues of Norway rats compared with the control. The increased GST activity was also observed at doses higher than 25 mg/kg DZN in liver of Wistar rat. The increased LDH activity was observed at doses higher than 50 mg/kg DZN in liver of Wistar and Norway rats and kidney of Wistar rats. Kidney LDH activity was significantly increased at 200 mg/kg dose of DZN in Norway rat comparing with the control.
The effect of various doses of DZN on liver and kidney GSH and MDA levels in both rat strains is depicted in 
Discussion
In this study, at higher doses of DZN, SOD, GST and LDH activities and GSH and MDA levels in liver and kidney of Wistar rats were higher than Norway rats. At these concentrations, DZN increased some serum biochemical indices such as liver enzymes activities and levels of urea, uric acid and creatinine in Wistar rat. In addition, the weights of Wistar rats treated with DZN (> 50 mg/kg) were reduced after 24 hours exposure. This could be due to decreased water and food intake in these animals. OP insecticides cause reduction of body weight in experimental animals [1, 11, 20] . Hariri et al. [20] suggested that the weight reduction in DZN-treated rats is a result of choline esterase inhibition.
Some OPs induce the production of ROS and oxidative stress, which is associated with a depletion of GSH, alteration of antioxidant enzyme activities and increased lipid peroxidation [1, [3] [4] [5] . There are several antioxidant enzymes in cells that prevent ROS formation and oxidative stress induction and to limit their damaging effects. SOD is the first line of defense against superoxide anion radicals, which converts it into H 2 O 2 . H 2 O 2 is converted into H 2 O through CAT [21] . In present study, DZN significantly increased liver and kidney SOD and CAT activities in both rat strains. The increased SOD and decreased CAT activities in Wistar rat were higher than Norway rat at 200 mg/kg. In addition, the increased CAT activity in kidney at 100 and 200 mg/kg DZN was significantly higher than liver. The increased of these enzyme activities are probably a response to neutralize the impact of increased ROS generation in tissues. These findings are in agreement with the results of the previous reports that showed SOD and CAT activities were increased in fish liver [22] and rat heart and brain after exposure to DZN [11] . Other studies have also showed that DZN increased SOD activity no change in CAT activity in rat brain [23] and in fish gill, kidney and muscle [24] . Our result is in contrast with the findings of Shah and Iqbal [4] that showed treatment of rats with DZN orally (10 -30 mg/kg daily for 8 weeks) decreases the activities of renal antioxidant enzymes. In addition, Abdou and El Mzoudy study [3] has demonstrated that DZN administered orally to rat induced significant decreases in the activity of SOD. In this study, the decreased CAT activity in liver of Wistar rat was observed at 100 and 200 mg/kg DZN. The depletion of CAT [25] .
GST detoxicates a variety of electrophilic compounds to less toxic forms by conjugation with the thiol group of GSH and also plays an important role in protecting tissue from oxidative stress [4, 5] . In present study, the liver and kidney GST activity were significantly increased at higher doses of DZN. Elevated GST activity may reflect the possibility of better protection against pesticide toxicity [1, 11] . The increased GST activity following exposure to DZN in various tissues of fish has been reported previously [11, 13, 22] . In addition, GST activity was not significantly affected after exposure to some OPs [21, 26] .
GSH as an important antioxidant plays a unique role in the cellular defense systems against toxic chemicals of endogenous and exogenous source. In addition, GSH acts as an essential cofactor for antioxidant enzymes including the GSH peroxidases and GST [11] . A significant depletion of GSH was noted in the present study in concentration dependent manner in both tissues of both rat strains ( Table  3 ). The decrease in GSH levels could be due to the presence of free radicals produced by DZN and the increased activiZahedan J Res Med Sci. 2016; 18(2):e5988. 5 Values are expressed as means ± SD (n = 6). *P < 0.05, **P < 0.01 and ***P < 0.001 vs. control. a P < 0.05 vs. lower doses of DZN in the same of rat strain.
ties of GST enzyme [4] . Depletion of GSH leads to produce oxidized GSH (GSSG) and finally decreased the GSH/GSSG ratio in tissues of pesticides exposed rats, which is an index of tissue oxidative stress [1, 4] . GSH is synthesized in the liver cells and then distributed through plasma into different organs. Diminished liver GSH reserve can also decrease plasma GSH availability for extrahepatic tissues and disrupt whole-body GSH homeostasis. Hence, impair the cells defense against the toxic actions of ROS may lead to oxidative stress and cytotoxicity [1] . Our result is in agreement with the results reported by previous studies that have shown the effect of DZN on GSH level [4, 6, 11] . Depletion of GSH and the decrease in the GSH/GSSG ratio may shift cells through different biological stages, such as proliferation, differentiation, apoptosis and necrosis [4] .
Lipid peroxidation is the process of oxidative degradation of polyunsaturated fatty acids, which causes impaired membrane function and structural integrity [4] . The present study showed that MDA content as an important indicator of lipid peroxidation was significantly increased in liver and kidney at high doses of DZN in both rat strains. DZN exposure caused highest accumulation of MDA in liver of Wistar rat ( Table 3 ). The enhanced lipid peroxidation shows that DZN-induced ROS are not totally scavenged by the antioxidant enzymes. These findings are in agreement with the results of other studies that showed oral administration of DZN caused increase of MDA level in kidney, brain, heart and muscle of rat [4, 11, 23] .
Lipid peroxidation of membrane leads to the leakage of cytoplasmic enzymes, such as lactate dehydrogenase. Increases in the release of LDH have been reported to occur as a result of injury and chemical poisoning [27] . LDH activity indicates the switching over of anaerobic glycolysis to aerobic respiration [28] . According to our studies, LDH activity was significantly increased in liver and kidney of Wistar and Norway rats only at higher doses of DZN. Increase in the release of LDH in Wistar rat was higher than Norway rat. These results demonstrate a positive correlation between LDH activity and MDA level in the DZN-treated animals, suggesting that the release of LDH was a result of damage to the cell membranes due to lipid peroxidation [3, 27] . Several reports revealed a decreased LDH activity in tissues under various pesticide toxicity conditions [1, 29] . The increased LDH activity in serum, brain and liver was observed after rat was exposed to the pesticides [3, 12, 28] .
The measurements of the activity of ALT, AST, ALP, LDH and GGT enzymes are used routinely as an indicator of hepatic dysfunction and damage [30, 31] . These enzymes are principally localized in the cytoplasm and they secreted into the blood after hepatocellular injury, thereby increasing their levels in the serum [31] . In this study, ALP, ALT, AST, GGT and LDH activities in Wistar rats and ALP, GGT and LDH activities in Norway rats were increased at higher doses of DZN compared with those of the control group. The activities of these enzymes in Wistar rat were higher than Norway rat. These changes may have occurred due to liver dysfunction and disturbance in the biosynthesis of these enzymes with alteration in the permeability of liver membrane [28, 31] . Several studies have reported that DZN caused degeneration in hepatocytes and changes of liver Zahedan J Res Med Sci. 2016; 18(2):e5988.enzymes such as ALT, AST, and ALP and lipid metabolism [12, 32] . Banaee et al. [33] have reported increased levels of AST and ALT followed by the exposure of rainbow trout to DZN. Urea, uric acid and creatinine levels are kidney function parameters. Pesticides can alter plasma urea, uric acid and creatinine levels [1, [33] [34] [35] . In this study, DZN at higher doses increased the urea, uric acid and creatinine levels in Wistar rats and the urea and uric acid levels in Norway rat. This increase may be due to kidney damage caused by DZN. Uric acid, the end product of purine catabolism, can reduce oxidative stress by scavenging various ROS [34] . The elevated serum uric acid levels may reflect a compensatory mechanism counteracting the increased oxidative stress associated with both rat strains [35] .
The increased MDA and depleted GSH levels in DZNtreated rat, in the present study, is higher in liver. Liver is a major site for metabolism of exogenous chemicals such as pesticides, resulting in the formation of metabolites which may be more or less toxic than the parent compound [36] . The observed differences in DZN exposure induced responses among various tissues may depend on several factors such as oxygen consumption, metabolic activity rate, susceptibility to oxidants and many more [1, 11] . In addition, Norway rats are more resistant to DZN toxicity, which can due to continuous contact with poisonous material in environment. The response of antioxidant system to oxidative stress shows differences from one strain to another due to DZN detoxification capacity and the differences in antioxidant potential [9, 37] .
OPs induce apoptosis (physiological cell death) and necrosis (pathological cell death) in various tissues. The dominant form of cell death is dose-dependent. However, at conditions of higher stress, depletion of ATP and increases in the release of LDH, the cellular impairment is so high that apoptosis is suppressed. This leads to cell death by necrosis, which causes further tissue damage [1, 12, 38] . Understanding the causes of the change in the mode of cell death from one dominated by apoptosis to one in which there is significant necrosis is essential for understanding the mechanism of OPs tissue injury. Our results suggest that at lower doses (< 100 mg/kg), DZN induces apoptosis in tissues, whereas it induces necrosis at higher doses. However, further studies are required to determine the effects of DZN on induction of cell death in variety of cell types using an in vivo system.
Our findings suggest that DZN at higher doses induces free radical production and oxidative stress in a dose-dependent manner, as evidenced by depletion of GSH, alteration of antioxidant enzyme activities and enhanced lipid peroxidation. Norway rats are more resistant to DZN toxicity and finally antioxidant defense system is affected less. In addition, the liver is found to be more sensitive to the effects of DZN on oxidative stress induction.
